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(54) A spine.-type lithium mangane« complex oxide lor a cathode acUve material o, a lUhlum 
secondary battery 

(S7) The invention provides a spinel-type lithium 
manganese complex oxide for a cathode active matenal 
of a lithium secondary battery, which is characterized in 
that said spinel-type lithium manganese complex oxide 
has an average particle diameter between 1 and 5 
micrometers and a spec-tic surface area between 2 and 
lom*/g. 

The invention also provides a process for prodocing 
the spinel-type lithium manganese compound oxide 
comprises the steps of Datomiring end pyrolyzing at 
least one of an aqueous solution and an alcohol solution 
of compounds containing metallic elements constituting 

a spinel-type lithium manganese complex oxide to 

obtain said compound oxide, and 2)annealing said spi- 

nel-type lithium manganese complex oxide to increase 

the average particle diameter thereof to between 1 and 

S micrometers and adjust the $pecific surface area 

thereof to between 2 and 1 0 m'/g. 

The spinel-type lithium manganese complex oxide 

which is useful as a cathode active material of a lithium 

secondary battery exhibits a large charge-discharge 

capacity and excellent charge-discharge cycle eharac- 
^ teristics. and it can be used in a 4.V region secondary 
*^ battery. 
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RAnKQRQUND OF THF INVgNTIQN 
Ffpid Of the Invention 

The present invention relates to a spinel-type liihium manganese complex oxide for a cathode ^^'^^^^^J' ^^.^ 
nthium secondary battery and a process for producing thereof. The spinel-type Hth.um manganese complex oxide is 
useful as a cathode active material of a 4-V lithium secondary battery. 

Prior Art 

AS a method of producing a spinel-type lithium manganese complex oxide which is used as a cathode active mate- 
rial of a lithium secondary battery, the following methods have been proposed so far. 

(a) Solid phase method in which powders of lithium carbonate and manganese dioxide are mixed with each other, 
and the mixture is calcined at approximately 800'C. 

(b) Melt-impregnation method in which low-melting lithium nitrate or lithium hydroxide Is d.pped in porous manga- 

Jr^M^h^d fn wWcmS^^^ nitrate and manganese nitrate are dissolved in water, and the solution is ultrasonically 

^^'^LTmS manganese complex oxide which is appropriate as a cathode active material of a lithium second- 
af y battery, the following complex ojcides have been proposed, 

(d) LiMns04 (Japanese Patent Publication No. 21 .431/1996) ...... 

e LLMnA in which x is 0.9 ^ x ^ 1.1 excluding x = 1.0 (Japanese Patent Publication No. 21.382/1996) 

(f) LipMn^Oo. Li4Mn50,2 U- Electrochem Soc.. vol. 139. No 2. pp. 363 - 366 (1992)] 

(g) UMn^O; in which i and y are 1 .0 < X < 1 .6. 4.0 < y < 4.8. and 8/3 . (4/3) x < y < 4.0 ^ (1/2)X [Japanese l^.d- 
Ooen (Kgkai) No, 2,921/1996] „^ 

(h) Lii„Mn2.,04 in which x is 0, 0.03, 0.05. 0.10, 0.22, 0.29 Or 0.33 (Solid Stale Ionics 69 (1994). pp. 59 • 67] 

The at)ove-mention«d methods have, however, involved the follow/log problems. ^ . 

In the solid phase method (a), the powders of carbonate and oxide are used as starting materials, and it is. there- 
lore necessary to calcine the same at a relatively high temperature. Accordinaly. a defective spinel such as an excess 
oxvaen spinel tends to be formed. Further, it is impossible to uniformly mix the powders at a molecular level. For exam- 
ple Li.MnOa and UMnOg are sometimes formed other than intended LiMnaO^. in order to prevent formation of such 
complex oxides, the calcination for a long period of lime has lo be repeated several times while adiost.ng the concen- 

The melS^regnation method (b) improves the uniform dispersibllity of Li and Mn in comparison to the solid phase 

'"^^ H^ever the porous manganese material is required as a starting material. In order to obtain this porous manga- 
nese material, a milling treatment is needed. For this milling treatment, a special milling device has lo be used, and 
impurities are incorporated through a milling medium during the milling or due to abrasion of an inner wall of the milling 
device decreasing qualities of the resulting complex oxide powder as a cathode active material or increasing the cost. 
Further unless the calcination is conducted for a long period of time at a low temperature to control evaporation of the 
low-meiting Ihhium starting material, the crystallinity of the resulting complex oxide is decreased. Accordingly, when the 
complex oxide is used as an active material of a secondary battery, the aystal structure collapses during the repetition 
of the charge-discharge cycle d the battery, decreasing the capacity of the secondary battery Still further, when Mn is 
substituted with a cation having a low valence and having an ionic radium close to that of Mn. such as Fe. Co. Ni or Mg 
to improve the high-rate discharge or the charge-discharge cyde characteristics of the secondary battery, it k unescap- 
able that the distribution of Mn and the substituent cation is non-uniform in this melt-innpregnafion method too. 

In the spray pyrolysis method (c). the elements constituting the spinel-type lithium manganese complex oxide can 
uniformly be mixed at the ionic level to outstandingly increase the uniformity as compared to the mett-impregnation 
method. Further, since the step of milling the starting materials is dispensed with, incorporation of impurities termed 
during the milling step can be prevented advantageously. , 

However in this spray pyrolysis method, a series of steps of evaporation of the solvent and thermal-decomposition 
are conducted within a short period of a few seconds, with the result that the thermal history is extremely short as com- 
pared to that in the cortvemionai calcination treatment and the crystallinity of the resulting complex oxide tends to dete- 
riorate Accordingly, when the conplex oxide Is used as an active material of a secondary battery, the crystal structure 
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co„aps.s during the repetition o, the cHarge-Cscharae cyde ^^^^^^^^^^^^^^^^^^ 

'"""^r^ composKion (d) is used a. a cathode active material of a secondary batter, the capacity of the battery 
is decreased to 50% of the orlgina. «padn. ^Jj^e^^^r^^S^^^^^^ battery and x 1. 0.9 . x < 1 ,0. the 

.^ro";::=ttaS,r^^ 

'='"?S?«Stron (0 ha. the operating poten.l^ of approximately 3.0 V region. arK. therefore cannot be used as a 
cathode active material of a 4-V region Hthium battery „^„3i,i„„ ,he 3-V region. In order to form these 

The composition (g) includes a composition close ^-i^/ J^'TP^jJ'^^/^^ 5 ^ so m^/fl is needed. Ho-ve^er. 

active materials, a manganese starting material ^^-"Sf' ^^^^'""j'j^^^^^^ be mixed with a lithium 

a powder ha>.ng V^J^r^lre^s^^^^^^^^ ^'^^^ 

ductivity is poor. manoanese site is substituted with lithium to control the Jahn-Teller phase tran- 

Jr:::^Tr:^1tJ'J;:^^^^^^^ the mere substHotion of manganese with 3.0-% iHhium 

decreases the discharge capacity of approximately 20%. 

■Summary o* *he Invention 

nel-type lithium manganese compiex oxnae iQr a ca^nouc <i ^ ehnuW Hq used as a cathode active material 

'"^^^^ZS-^cZ^^coZ^^ oxide so^es the above mentioned problem having a high suHace activity which 

srn^-h^L^rr^^^^ 

'•^"irtJeVb'^IprcIltheatomiz^^^ 

"TttrvCoc'ett:^^^^^^^ 

acetate ar^thiom formate and at least one of manganese nitrate, manganese acetate and "^"^^"^H^J^tn. 
wLrthe aaueous solution and/or the alcohol solution of the compounds containing the metalhc elements cons^ 

irj^^ ZbZh the high surface activity which is appropriate as a cathode active matenal of a hthium secondary 
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battery can be obtained. „ ^ . 

The metallic elements conrfitutiog the spinel-type lithium manganese complex °='J^^/^>' ^f.^'^" f J 
stliuerrts tor improving charge/discharge characteristics such as Cr, Ni, Fe. Co. Mg and U [rh.s L. .s a substrtuent ot the 
TslMlc^ahedral s'e) d«eren. from\i in the tetrahedra- sH.J to be added as required for substHut.on oMhe Mn s«e^ 
examples ot th. w«er-so.«ble compounds comprising these metal elements '"^^^^X^f h d;.^lnTon t a 
nJ?a^ and a chloride. These compouruls are much less cosily than an organic compound .n wh ch a "^yjl^^f " Ltri^te 
mdi^e is substituted with a metallic ion. such as an alkoxide. With these compounds, the costs of starting materials 
can be reduced, and this is industrially advantageous. »viHo 
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Thus, me process oi ine , 2/- 

having an average particle diameter of between 1 and 5 mm and a specHic surface ar^ of between 2 ^0 rn g, 

Accordingly'wJen this complex oxide, preferably the complex «ide represented by the ^^^^^^^^^^^^^ 
which X is 0 S X s 0 1 more preferably the complex oxide represented by the formula Li(Mn2.,Ux)04 in which x .s 0 < x 
t o 02 is usi as a cathode active material ot a secondary battery, a Irthium secondary battery which is excellent in the 
charge-discharge cycle characteristics and the storage characteristics can be.obtained. 
The present invention is illustrated specifically by referring to the following en^odiments. 

Brifif Descrip *!'-'" rff thtt Drawing 

Fig. 1 is a sectional view illustrating an example of a lithium secondary battery. 
FMBODIMENTS 

First, lithium nitrate, lithium acetate, lithium formate, manganese nitrate, manganese , ^"J^Jf^^'; 

mate we e prepared as compounds of metallic salts constituting a lithium manganese complex oxide In order to obta n 
^ng^nese complex oxide represented by the formula Li(Mn2.,Li,)0. (in which 0 ^ x . 0 1) shown in Table 1 
fhes^ compounds were then accurately weighed, and charged into a container. Then. 1.000 rr, of a mixed sdut-on of 
wat^a^lcohOl («olumeratioon:1)wereaddGdthereto,andtheyweredi6solvedthere.nwh.lebe,ngst.rred. 

Sub^e^uen^ th's mixed solution was atomized and pyroIy.ed at a rate of 1.200 ml/hr from a nozz^to a vertical- 
tvoe c^^Sc Lbe reactor adjusted to a predetermined temperature of from 400 to 900'C to obtain a powder of a com- 

Sde VheTL Jlting complex oxWe was then charged into an alumina plate, and annealed at a predetermined tern- 
oiaSJe romSw to 900-C for 2 hours. In this manner, lithium manganese complex oxides shown in Sample Nos 1 
St T2.?ri w^SSne^. Note that the lithium manganese complex oxides of Sample Nos. 14 and 18 with astensK 

m\n^nes7cCex oxide ot the formula UMn.O. shown in Sample No. 27 in Table 1 was obtained by a 
melt^riorrnron method for comparison. That is. lithium nitrate and electrolytic manganese dioxide were first pre- 
JL'edTSrtiJrr^teriS^ Then. 1 mol of lithium nitrate and 2 mols of electrolytic manganese dioxide were accurately 
weS^ aSled and mixed using a ball mill- The mixture was then calcined at 700-C for 2 hours to obtain the com- 
plex oxide. 
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Sample 
No. 


Starling materials 


Li(Mn2.xLix)04 


Atomizing tem- 
perature 


annealing tem- 
perature 




lithium 


manganese 








1 


lithium nitrate 


manganese nitrate 


0 


400 


800 


2 


lithium nitrate 


manganese nitrate 


0 


500 


800 


3 


lithium nitrate 


manganese nitrate 


0 


850 


800 


4 


lithium nitrate 


manganese nitrate 


0 


750 


800 


5 


lithium nitrate 


manganese nitrate 


0.002 


750 


800 


6 


lithium nitrate 


manganese nitrate 


0.005 


750 


800 


7 


lithium nttrat6 


manganese nitrate 


0.01 


750 


SOO 


8 


lithium nitrate 


manganese nitrate 


0.015 


750 


800 


9 


lithium nitrate 


manganese nitrate 


0.016 


750 


800 


10 


lithium nitrate 


nnanganese nitrate 


0.030 


750 


800 


11 


lithium nitrate 


manganese nitrate 


0.060 


750 


800 


12 


lithium nitrate 


manganese nitrate 


0.100 


750 


800 


13 


lithium nitrate 


manganese nitrate 


0 


900 


800 


"14 


lithium nitrate 


manganese nitrate 


0 


700 


500 


15 


lithium nitrate 


manganese nitrate 


0 


7O0 


600 


16 


lithium nitrate 


manganese nitrate 


0 


700 


800 


17 


lithium nitrate 


manganese nitrate 


0 


700 


850 


-18 


IKhium nitrate 


manganese nitrate 


0 


700. 


900 


19 


lithium acetate 


manganese acetate 


0 


700 


800 


20 


lithium forrriate 


manganese formate 


0 


700 


800 


21 


lithium nitrate 


manganese formate 


0 


500 


800 


22 


lithium nitrate 


manganese formate 


0 


850 


800 


23 


lithium nitrate 


manganese formate 


0 


900 


800 


24 


lithium nitrate 


manganese formate 


0 


700 


600 


25 


lithium nitrate 


manganese formate 


0 


700 


SOO 


26 


lithium nitrate 


manganese formate 


0 


700 


850 


*27 


lithium nitrate 


electrolytic manganese 
dioxide 


0 


700 (IS/1 elt- impregnation 
method) 



Photographs of the above-obtained complex oxkle ponders were taken by means of V^^^IJ^^^Z^ 
scope (SEM) to measure the particle diameters thereof. Further, the specific surface areas of the cornplex owdes were 
mSurSS a nTogen adsJrp^on method. Still further, the ider^tification of the complex oxides was conducted by an 
dm««ion (XRD) analysr-The results are shown in Table 2. In Table 2. LM is short for sp.nel-iype l.th,um manga- 
nese complex oxide, and Mo is short lor MngOij. 
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Table 2 





Average particle 1 
diameter_@(micrometer) ] 


Specific surface 
area (m^/g) 


XRD analysis Phase 


1 


1.8 


2.1 


LM. MO 


2 


1.7 1 


2.7 


LM 


3 


1.9 1 


3.0 


LM 


4 


2.4 1 


3.5 


LM 


~ 5 


2.4. [ 


JT 


LM 


6 


2.3 I 


3.6 


LM 


7 


2.3 [ 


3.7 


LM 


8 


2.2 1 


3.6 


LM 


9 


2.3 [ 


3.7 


LM 


10 


2.5 ] 


3.6 


LM 


11 


2,3 _] 


3.6 


LM 


12 


2.7 J 


3.0 


LM 


13 


2.4 


2.3 


LM 


'14 


0.8 


14.8 


LM 


15 


1.6 


r 8,4 


LM 


16 


2,1 


1 3.3 


LM 


17 


1.9 


1 2.5 


LM 


M3 


5.5 


1 0.5 


LM 


19 


1.4 


j 2.9 


LM 


20 


2.1 


1 2.8 


LM 


21 


1.4 


T A 

j Ot** 


LM 


22 


1.9 


] 3.5 


LM 


23 


2.4 


1 2.3 


LM 


24 


1.8 


r 


LM 


25 


2.1 


1 3.6 


LM 


26 


1.9 


I 2.6 


LM 


"27 


3.4 


1 


LM 
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sembled. and the condition (present or absence o» p.eling.o«) o. the cathode was visually observed. The results are 
shown in Table 3. 



Table 3 
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Sample No. 


Discharge volume 


peeting-off of a positive 
pole 




Initial 


After 100 cycles 




1 


8$ 


65 


No 


2 


128 


12S 


No 


3 


130 


127 


No 


4 


133 


122 


No 


5 


131 


124 


No 


6 


130 


126 


No 


7 


130 


128 


No 


8 


129 


126 


No 


9 


128 


125 


No 


10 


122 


118 


No 


11 


116 


112 


No 


12 


96 


95 


NO 


13 


136 


132 


No 


M4 


133 


113 


Yes 


IS 


138 


136 


No 


16 


140 


136 


No 


17 


136 


135 


No 


M8 


102 


98 


No 


19 


128 


125 


Kir\ 
IMO 


20 


129 


125 


No 


21 


127 


125 


No 


22 


129 


126 


No 


23 


135 


131 


No 


24 


137 


135 


No 


25 


139 


135 


No 


26 


135 


134 


No 


*27 


115 


103 


No 



t=rom the results in Tables 1 and 2, it is found that when the solution of the metallic elements constrtiAng l''h.um 
rnanS^le cor^S oxide are atorr,ized and pyrolyzed and then annealed, the corrplex oxrie .s <^^'"^'"^^'^^^l 
TverS ir^cle Lme.er is increased to between 1 and 5 mm and The specific ^^^^"^ f^*°^^^^ 

Lrf 10 mZ/a Further this complex oxide is a spinel-type lithium manganese complex oxide. When this complex wiae 
fs use2 Ts a "JthSt 'n^ter^^^^^^ secondary battery is obtained which is excellent in the inHIa, capa=«y and the 
charoe-discharae cycle characteristics and which is free from peeling-off of the battery. cnn-r « «innla 

?Je S?c pyrolyzing temperature is preferably be*«.een 500 and 900-C. When it .s higher than SOO C. a sing e 
phas^^fa^telS^iSr^JSnaan 

at which the spinel-type lithium manganese complex oxide is not pyrolysed again. 
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The specrfic annealing temperature is preferably between 600 and 8S0*C. That is. at the annealing temperature of 
between 600 and 850"C. the spinel-lype lithium manganese comple3< oxide having the particle size appropriate as a 
cathode active material of a lithium secondary battery can be obtained. 

Upon comparison ot Sample Nos. 4 to 12. when the amount x of substitution of manganese with lithium is 0 < x in 

5 the formula U(Mn2.xLi JO4. the effect of controlling the Jahn-Teller phase transition is obtained, and the decrease in the 
capacity in the charge-discharge cycle is suppressed. Meanwhile, when the amount x of substitution is 0.10 or less, 
preferably less than 0.02. the higher initial capacity can be provided. Accordingly, x in the formula LitMng.^Ll JO4 is pref- 
erably O S X ^ 0.10. preferably 0 < x < 0.02. 

In the above-mentioned Example, the compounds of the metallic elements consiiiuiing the complex oxide of the for- 

10 mula Li(Mn2.,U JO4 were nitrates, acetates or formates. However, the present invention is not llrriited thereto. That Is, 
compounds which are dissolved in water or alcohol, such as chlorides, can also be used as required. 

Sample No, 25 in which lithium nitrate is used as a U compound and magnesium formate as an Mn compound 
among the compounds of the metallic elements constituting the compound of the formula Li(Mn2.,UjJ04 e^fhibits the 
higher discharge capacity than Sample No. 1 9 in which lithium acetate and manganese acetate are used or Sample No. 

15 20 in which lithium formate and manganese formate are used, and the discharge capacity of Sample No. 25 is as high 
as that of Sample No. 1 6 in which lithium nitrate and manganese nitrate are used. When using lithium nitrate and man- 
ganese formate, the reaction represented by formula (1) occurs, and the amount of NOg formed Is one-fifth that of NO2 
when using lithium nitrate and manganese nitrate that cause the reaction represented by formula (2). Thus, it is easy to 
treat a waste gas after the reaction. Accordingly, it is most preferable to use lithium nitraie and manganese formate as 

20 compounds of metallic elements constituting the complex oxide of the formula LitMng.^U JO4. 

LiN03 + 2Mn(HCOO)2 + 2.502-> LiMn204 + 4CO2 + NO2 + 2H$0 (1) 

LiN03 + 2Mn{N03)2-> LiMngO^ + 5N02 + O.SOg (2) 

When the spinel-type lithium manganese complex oxide is a compound oxide obtained by substituting apart of an 
Mn site of U(Mn2.xUix)04 with Cr. Ni. Fe. Co or Mg. other than LiCMng.^Li the same effects can also be obtained. 
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Claims 

1 . A spinel-type lithium manganese complex oxide for a cathode active material of a lithium secondary battery, 
characterized in that 

said spinel-type lithium manganese complex oxide has an average particle diameter between 1 and 5 micrometers 
and a specific surface area between 2 and ID m^/g. 

2. A spinel-type lithium manganese complex oxide according to Claim 1. 
characterized in that 

said spinel-type lithium manganese complex oxide is represented by the formula U(Mn2.xL"»x)^4 wherein x is 0 ^ x 
£0.1. 

3. A spinel-type lithium manganese complex oxide according to Claim 1 . 
characterized in that 

said spinel-type lithium manganese complex oxide Is represented by the formula U{Mn2.xLiJ04 wherein x is 0 < x 

< 0.02. 

d. A spinel-type lithium manganese complex oxide according to Claim 1. 
characterized in that 

said spinel-type lithium manganese complex oxide is represented by the formula Li(Mn2.jtLy04 wherein x is 0 ^ x 
^ 0.1 , and Mn is partially substituted by Cr. Ni, Fe, Co. or Mg. 

5. A spinel-type lithium manganese complex oxide according to Claim 1 . 
characterized in that 

said spinel-type lithium manganese complex oxide is represented by the formula U(Mn2.xUx)04 wherein x is 0 < x 

< 0.02. and Mn is partially substituted by Cr. Ni, Fe, Co. or Mg. 

6. A process for producing the spinel-type lithium manganese complex oxide according to one of Claims 1 to 5, com^ 
prises the steps of: 
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Datomizing and pyrolyzing at least one of an aqueous solution and an alcohol solution of compound? contain- 
ing meiamc elements constituting a spinel-type lithium manganese complex oxide to obtain said compound 

oxide, and . , ^- * 

2)annealing said spinel-type lithium manganese complex oxide to increase the average particle diameter 
thereof to between 1 and 5 micrometers and adjust the specific surface area thereof to between 2 and 1 0 m /g. 

7. The process according to Claim 6. 
characterized in that 

the atomizing and pyrolyzing temperature is between 500 and 900"C. 

8. The process according to Claim 6 or 7. 
characterized in that 

the annealing temperature is between 600 and SSO'C. 

9. The process according to one of Claims 6 to 8. 

2-dSmp^^^^ the metallic elements are at least one of lithium nitrate, lithium acetate and lithium for- 

mate and at least one of manganese nitrate, manganese acetate and manganese formate. 
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